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The Influence of Rock Joint Roughness and Normmal Stress on Shear Behaviour
Myoung-Ho Lee, Jong-Woo Kim and Kwang-Taek Chang

Abstract In this study, direct shear tests were carried out on the 30 rock joint samples in order to investigate the
influence of roughness and normal stress on the shear behaviour. Joint roughness profiles were measured by use
of 3D laser profiler, and then the samples were equally classified into three individual groups according to the
roughness index of rock joints. Peak shear strength, residual shear strength, shear stiffhess, dilation angle of rock
joints were investigated in condition of five different constant normal load. Peak shear strength was increased as
roughness index was increased, and the influence of roughness on strength was found to be more considerable
in case of lower normal stress condition. Residual shear strength and shear stiffness were increased as roughness
index and normal stress were increased. Finally dilation angle was decreased as normal stress was increased, but
it was increased as roughness index was increased in the same normal stress condition.

Key words Rock joint, Roughness, Normal stress, Shear behaviour, Direct shear test
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Fig. 1. Schematic diagram of 3D laser profiler (1: 3D Laser
profiler stage, 2: Laser sensor, 3: Controller & Data
acquisition apparatus, 4: Rock joint sample)

Properties Density Absorption ratio |P-wave velocity| Uniaxial compressive |Young's modulus|Poisson's ratio
(kN/mS) (%) (m/s) strength (MPa) (GPa)
Value 26.3 0.32 3795 184 58 017
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Table 2. Classification of sample groups

AR7Ioh £AG el BE g Yelde HUAS

Sample group | Sample No. e () Z,
1 4.38 0.22

2 4.59 0.18

3 4.90 0.20

4 473 0.21

5 3.83 0.22

MIJ-L 6 433 0.18
7 4.78 0.21

8 4.47 0.19

9 4.56 0.21

10 431 0.21

Ave. 4.49 0.20

1 6.08 0.24

2 6.55 0.28

3 5.53 0.23

4 5.72 0.22

5 529 0.25

NJ-M 6 7.43 0.29
7 5.54 0.27

8 5.85 0.26

9 6.80 0.25

10 5.16 0.21

Ave. 6.00 0.25

1 7.62 0.33

2 7.20 0.36

3 7.71 0.26

4 7.07 0.30

5 7.12 023

NJ-H 6 8.66 0.32
7 8.34 0.33

8 8.16 0.31

9 7.87 0.32

10 8.10 0.31

Ave 7.79 0.31

(a) An example of NJ-L group
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Fig. 4. Examples of 3D profile of rock samples
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Fig. 5. Shear deformation curves under various normal stresses

Table 3. Results of direct shear tests

Sample Sample Normal stress Peak shear Residual shear | Shear stiffness Dilation
group No. (MPa) strength (MPa) | strength (MPa) (GPa/m) angle (°)
1 0.2 0.34 0.16 1.71 26.6
2 0.2 0.35 0.13 1.54 25.6
3 0.4 0.52 0.20 5.38 24.1
4 0.4 0.54 0.18 4.43 23.0
NI-L 5 0.6 0.84 0.30 6.27 17.4
6 0.6 0.88 0.31 5.57 204
7 0.8 0.90 0.48 6.67 14.1
8 0.8 0.92 0.36 6.35 15.3
9 1.0 1.20 0.60 8.89 13.0
10 1.0 1.15 0.55 8.69 12.2
1 0.2 0.44 0.13 2.17 27.2
2 0.2 0.45 0.11 3.50 27.6
3 0.4 0.74 0.22 5.13 25.6
4 0.4 0.78 0.26 5.15 252
5 0.6 0.95 0.35 7.10 23.2
NI-M 6 0.6 0.97 0.36 7.15 249
7 0.8 0.98 0.42 9.06 20.0
8 0.8 1.06 0.52 8.69 19.4
9 1.0 1.21 0.62 9.79 15.2
10 1.0 1.23 0.60 10.77 16.7
1 0.2 0.53 0.15 3.30 32.0
2 0.2 0.54 0.13 4.03 33.7
3 0.4 0.85 0.33 5.76 28.8
4 0.4 0.93 0.34 5.49 28.7
5 0.6 1.04 0.44 8.45 26.6
N-H 6 0.6 1.02 0.46 7.10 275
7 0.8 1.20 0.65 9.23 22.6
8 0.8 1.08 0.50 8.97 26.5
9 1.0 1.31 0.62 15.39 20.0
10 1.0 1.35 0.73 14.01 234
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Fig. 6. Variation of the peak shear strength with normal stress

Table 4. Summary of average values of peak shear
strengths

Table 5. Summary of average values of residual shear
strengths

Normal Peak shear strength (MPa) Normal Residual shear strength (MPa)
stress (MPa) NJ-L NJ-M NJ-H stress (MPa) NJ-L NJ-M NJ-H
0.2 0.35 0.45 0.56 0.2 0.14 0.12 0.14
0.4 0.54 0.76 0.86 0.4 0.19 0.24 0.34

0.6 0.86 0.96 1.03 0.6 0.31 0.36 0.45

0.8 0.91 1.02 1.13 0.8 0.42 0.47 0.58

1.0 1.18 1.22 1.33 1.0 0.57 0.61 0.68
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Table 7. Summary of average values of dilation angles

Normal Shear stiffness (GPa/m) Normal Dilation angle (°)
stress (MPa) NJ-L NI-M NJ-H stress (MPa) NI-L NI-M NJ-H
0.2 1.63 2.84 3.67 0.2 26.1 27.4 329
0.4 443 5.14 5.66 0.4 23.5 254 28.7
0.6 5.92 7.13 7.78 0.6 18.9 24.0 271
0.8 6.51 8.88 10.1 0.8 14.7 19.7 24.6
1.0 8.79 10.3 14.7 1.0 12.6 15.9 21.7
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Fig. 9. Variation of dilation angle with normal stress
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